In the present study, the composition and structure of Cu(II), Ni(II) and Zn(II) compounds resulted from the chemical reactions of copper(II), nickel(II) and zinc(II) bromide salts with carbamide in aqueous media at 95 o C have been investigated, using IR, electron spin resonance ESR and x-ray powder diffraction spectroscopy as well as thermal analysis TG/DTG/DSC. The Cu 2 (OH) 3 Br, [Ni 2 (NCO) 2 (H 2 O) 2 (Br) 2 ], and ZnCO 3 .xH 2 O compounds were achieved by a novel synthetic route through with a low cost precursor like carbamide. The infrared spectra of the results indicate absence of the individual bands of carbamide, but exhibited of the distinguished bands of hydroxyl, isocyanate, NCO, and ionic carbonate, CO 3 2-for Cu(II), Ni(II) and Zn(II) compounds, respectively. Visualized investigations were performed to confirm crystal structure, validity and stability of the product compounds. A general reaction mechanisms describing the preparation of Cu(II), Ni(II), and Zn(II) compounds were discussed.
, and fertilizers [3] [4] [5] [6] . Carbamide is also extensively used in the paper industry to soften cellulose and has been used to promote healing in infected wounds and many other applications in the field of medicine [7] [8] [9] . Some metal-carbamide complexes have pharmaceutical application, e.g., the platinum-carbamide complex which is used as antitumor 10 .
Yamaguchi and Stewart 11, 12 were assigned all of the observed frequencies in the spectra of carbamide and carbamide-d 4 . The two vibrations of the frequencies at 1686 and 1603cm -1 were assigned as the 1686 cm -1 band due to CO stretching vibration and the 1603 cm -1 band for NH 2 bending motion. The calculations studied by Yamaguchi showed that for the band at 1686 cm -1 , the contribution of the NH 2 bending motion is greater than that of CO stretching motion. The infrared bands of carbamide-d 4 observed at 1245 and 1154 cm -1 are assigned to ND 2 bending vibrations. This assignment is consistent with the observed depolarization degrees of the Raman lines. The 1464cm -1 frequency of carbamide is assigned to the CN stretching vibration. The corresponding frequency of carbamide-d 4 is observed at 1490cm -1 . The 1150cm -1 band is assigned to NH 2 rocking vibrations.
The reactions between transition metal ions and carbamide at room temperature have been studied extensively [13] [14] [15] [16] [17] . The infrared spectra of these complexes clearly indicated that carbamide molecule behaves as a mono dentate ligand and coordinates to the metal ions through the oxygen atom and not the nitrogen atom.
The nature of the reaction products depend strongly on the type of metal ions and so the metal salt used. The novelty in our previously studies [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] were oriented to the reaction of carbamide ligand with different metals such as Co(II), pb(II), Sn(II), Cr(III), Fe(III), Au(III), Sn(IV), V(V) and Mo(IV) at high temperature which demonstrate that the types of metal ions beside their anions have a pronounced effect on the nature of the reaction products. The published papers were trended for the reaction of carbamide with different metal salts at elevated temperature lead to discovering a novel method for preparation pbCO 3 and CoCO 3 21 , lanthanide carbonates 23, 27 , limonite, FeO(OH) 20 , 2ZnCO 3 .3Zn(OH) 2 19 , SnOCl 2 The sunshine side in this study was undertaken to identify the nature of the reaction mechanisms of the products resulted during the reaction of carbamide with CuBr 2 , NiBr 2 or ZnBr 2 at 95 o C for 16 hrs in aqueous media. The reaction products were isolated as solids and characterized well by X-ray diffraction reinforced and supported with visualization studies as well as spectroscopic and thermal analyses tools.
EXPERIMENTAL

Materials and synthesis
All chemicals used throughout this work were analytical pure. The Cu 2 (OH) 3 
Instruments
The elemental analyses of carbon, hydrogen and nitrogen contents were performed by the microanalysis unit at Cairo University, Egypt, using a Perkin Elmer CHN 2400 (USA). The infrared spectra with KBr discs were recorded on a Shimadzu FT-IR Spectrophotometer (4000-400 cm -1 ) in Taif University. The electron spin resonance (ESR) spectrum for copper(II) compound was performed on Jeol, JES-FE2XG, ESR-spectrometer, Frequency 9.44 GHz with Jeol Microwave unit. The thermal studies TG/DTG/DSC were carried out on a SCINCO DSC 1500 STA in Taif University, which was calibrated with indium metal. The X-ray diffraction patterns for the selected charge-transfer complexes were recorded on X 'Pert PRO PANanalytical X-ray powder diffraction, target copper with secondary monochromate. Carbonate content in the zinc(II) compound was determined by dissolving a sample of each product in excess standard HCl and the excess of HCl was determined using standard sodium carbonate 28 . The percentage of Cu(II), Ni(II), and Zn(II) within their compounds were determined gravimetrically method till constant weight and stable formula.
RESULTS AND DISCUSSION
Infrared spectra
The reaction of aqueous solutions of carbamide with bromide salts of copper(II), nickel(II), and zinc(II) at 95 o C produces a green, light green, and white solid crystalline products, respectively. The infrared spectra of carbamide as well as the reaction products of different Cu(II), Ni(II) and Zn(II) salts with carbamide at elevated temperature were obtained from potassium bromide discs. The spectra of free carbamide ligand, It is expected to display four modes of vibrations, A' 1 + A" 2 + 2E' (E' is a doubly degenerate motion). The vibration A' 1 is only Raman active while the other ν 2 , ν 3 and ν 4 are infrared active. The stretching vibrations of the type; ν(C-O); ν 3 (E') is observed as a medium band in the range of 1500-1370 cm -1 while the stretching vibration (C-O); ν 1 (A' 1 ) is observed in the region ~1050 cm -1 as a medium-toweak band. It should be indicated here that this motion (A' 1 ) should be infrared inactive, its weak appearance in the spectrum of MCO 3 could be related to weak solid-solid interactions causes the (Fig. 1d) show that, some these products are hygroscopic and its clearly have moisture water. The band related to the stretching vibration ν as (O-H) and ν s (O-H) of H 2 O are observed as expected at 3441 and 3353 cm -1 , respectively. At room temperature the coordination compounds of Zinc(II) ion with urea have been studied extensively [30, 31] and it was found that, in these complexes, urea coordinated through its oxygen atom forming the [Zn(urea) 2 X 2 ] where (X = Cl -, NO 3 -or CH 3 COO -). At high temperature the role of Zn(II) ions in decomposing the coordination urea Metallic hydroxy salts with the composition M 2 (OH) 3 X (M = Cu, Co; X = organic anion) [32] [33] [34] have been extensively studied because of their interesting magnetic properties, that are strongly dependent on the structure and molecular ordering of intercalated anions, as well as, the interlayer distance determined by them. Accordingly, the properties of those materials can be easily manipulated, such that can be considered tunable magnetic materials 34 . So, it is reported in this paper a new cheap and simple method for preparation of copper hydroxybromide, an interesting member of this class of layered materials. The infrared spectrum of copper hydroxyl bromide, Cu 2 (OH) 3 Br, compound has some characteristic vibrational modes which are expected in the IR spectrum. In the specific case of the metal-oxygen bond, medium peaks are expected between 496 and 407 cm 1 . Medium intensity vibrational modes associated to the Cu-O-H bond should appear in the interval at 815, 844 and 1110 cm -1 35 . The narrow bands at 3523 and 3405 cm -1 corresponds to stretching symmetric and asymmetric OH groups. The frequency of the vibrational modes attributed to Cu-O-H bonds are depend on the degree of hydrogen bonding and were found at 777, 681 and 534 cm -1 34 . In this study, the decomposition of coordinated carbamide in aqueous media at ~ 95 o C forming the new 
Electron spin resonance
The ESR tool of analysis is useful in discuss the geometry and state of electrons in metal ion of 3 Br, indicates a distorted octahedral. In axial symmetry, the G-values are given by Eq. 1.
Where G is the exchange interaction parameter, according to literature, for the considerable exchange interaction process between Cu(II) centers in the solid state the value of G ≥ 4. The G iso . Value obtained for Cu(II) compound is estimated to be 2.3850 which satisfy the above mentioned parameter. The g iso value was evaluated by using the relation g iso = 1/3 g || + 2/3 g 4% , and these calculated values are in agreement with an orbital non-degenerate state.
The values of g || were calculated for assigned arrows peaks in Fig.2 and found This trend of increasing in g || values was observed with V. P. Singh 41 who was studying the electronic and ESR spectra of Cu(II) halohydrazones complexes and indicated that each complex exhibits a six-coordinate tetragonally distorted octahedral geometry in the solid state and in DMSO solution. The ESR spectra of most of the Cu-complexes reported in 41 are typically isotropic Fig.2 all values of g || > g 4% which reflect that all axial position in the monoclinic crystal form of Cu 2 (OH) 3 Br are effectively by the magnetic field by ratio higher than those of perpendicular positions (g 4% ). The unusual behavior of isocyanate and halide complexes of copper (II) was repored by Chughtai et al. 42 were investigated the magnetic effects on the geometry of some salts of the isocyanato and halo-cuprate(II) anion involving tetraethylammonium and other bulky cations .
They proposed that the -N=C=O isocyanate and halo cuprate (II) entities are arrayed about the copper in a square planar (or pseudo octahedral) manner in the blue isomer and in a tetrahedral (though probably distorted tetrahedral) crystal form.
X-Ray diffraction (XRD) and structural analysis measurements
The X-ray diffraction measurements (XRD) were carried out at room temperature on the fine ground powders of pure products resulted from reaction of metal bromide with urea in the range (2è =2-70 o ) using Cu-Ká radiation source and a computerized X-ray diffractometer with two theta scan technique. The accurate analysis of XRD indicated that the first compound is Cu 2 (OH) 3 Br which has A 2 XY 3 structure type with monoclinic crystal form as clear in Fig. 3 . The lattice parameters were calculated and found to be a = 6.154, b = 6.813 and c = 9.114 Å for monoclinic structure of P121/c1 space group respectively. By the same technique the analysis of XRD of compound II resulted from reaction of zinc bromide with urea was found ZnCO 3 .H 2 O trigonal crystal structure with 32/m space group and lattice parameters a = 4.672 and c = 15.0199Å respectively as clear in assigned figure Fig. 3a .
The analysis of Fig.3b which describes experimental XRD-profile of polycrystalline phases exist together with nickel-complex proved that the highest figure of merit (F) was for monoclinic phase with P 212121 space group. The last product produced from nickel bromide with urea reaction was 
Structural visualization
Visualized studies of crystal structure were made by using Diamond Molecular Structure version 3.2 packages, Germany and Mercury 2. Table. 3 which shows also some visualized selected XRD-diffraction data with its dspacing inside unit cell of Ni-Isocyanate-Bromide complex. Fig.7 shows the visualized XRD-profile of evaluated rhombohedra nickel-complex with intense diffraction peak lies at two theta value 4 2.15° which is nearly identical to that induced in the experimental XRD-profile Fig.3b . Fig.8 respectively . These data confirmed that the average density of positively charge focused on the nickel atoms (Ni1 ,Ni2) are varying as environmental neighboring atoms is changed [43] [44] [45] [46] [47] [48] . Similar behavior was observed with nickel type two (Ni2) as reported and tabulated in Table. 4b.
Tables 5a,b,c are describing the bonding between different six oxygen atoms symbolized as O1,O2,O3,O4,O5 and O6 with other neighboring atoms .
Accurate analysis of these tabulated data enhance to understand why [Ni 2 (NCO) 2 (H 2 O) 2 (Br) 2 ] complex is stable and valid specially at the point of view in which torsion on angles inside unit cell still within normal ranges 44, 46, 47 recording minimum torsion (2.1° ) for angle Br2-O3-Br3 which is nearly linear and maximum is for C3-O1-Br1 which equal 172.4° , which is also very close to (180°) linear angle . As reported in 44, 47 if the torsion on angle inside unit cell of crystal lattice within the normal range (5-10 %) of the angle value whatever the angle, is enhancing stability of the proposed structure .
Thermal analysis studies
The thermogravimetric analyses (TG/DTG/ DSC) curves for the copper hydroxybromide, [Ni 2 (NCO) 2 weight loss about 24% due to the loss of the two coordinated water molecules, one nitrogen and on carbon monoxide molecules. The residual moieties consists of mixture from nickel(II) oxide and nickel(II) bromide contaminated with few carbon atoms. Additionally, Fig. 9 shows typical curves for thermogravimetric (TG), differential scanning calorimetry (DSC) and differential thermogravimetric analysis (DTG) of the decomposition of the zinc carbonated hydrate together with the mass spectra of the evolved gases at various temperatures. The thermal decomposition of the sample takes place in temperature ranges of 100-to-200 o C and 200-to-800 o C with mass loss corresponding to hydrated water molecules and carbon dioxide gas. Only the fragment ions of H 2 O and CO 2 can be detected in the mass spectra during the course of the thermal decomposition.
